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A new Solar System population of Weakly Interacting Massive Particle (WIMP)
dark matter has been proposed to exist. We investigate the implications of this
population on indirect signals in neutrino telescopes (due to WIMP annihilations
in the Earth) for the case when the WIMP is the lightest neutralino of the MSSM,
the minimal supersymmetric extension of the standard model. The velocity dis-
tribution and capture rate of this new population is evaluated and the flux of
neutrino-induced muons from the center of the Earth in neutrino telescopes is cal-
culated. We show that the effects of the new population can be crucial for masses
around 60–120 GeV, where enhancements of the predicted muon flux from the
center of the Earth by up to a factor of 100 compared to previously published esti-
mates occur. As a result of the new WIMP population, neutrino telescopes should
be able to probe a much larger region of parameter space in this mass range.
1 Introduction
Weakly Interacting Massive Particles (WIMPs) can elastically scatter inside
the Sun and Earth, leading to their subsequent capture and annihilation in the
cores of these bodies, producing an indirect neutrino signature that might be
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accessible to neutrino telescopes.1 Recently it has been demonstrated that the
scattering process in the Sun can populate orbits which subsequently result in
a bound Solar System population of WIMPs 2,3 and which can be comparable
in spectral density, in the region of the Earth, to the Galactic halo WIMP
population. This new population consists of WIMPs that have scattered in
the outer layers of the Sun and due to perturbations by the other planets
(mainly Jupiter and Venus) evolve into bound orbits which do not cross the
Sun but do cross the Earth’s orbit. This population of WIMPs should have
a completely different velocity distribution than halo WIMPs and will thus
have quite different capture probabilities in the Earth. The predicted WIMP
abundance, and spectrum, relevant for direct detection have been calculated
2,3 and here we focus on capture in the Earth, and the predicted indirect
neutrino signature.
Following 2,3, we consider here a special WIMP candidate, the neutralino,
which arises naturally in supersymmetric extensions of the standard model.
Although our numerical results apply only to supersymmetric WIMPs, we
expect our qualitative conclusions to be generally valid for any WIMP model
of dark matter.
For more details on this work, see 4.
2 The MSSM
We evaluate the capture of neutralinos and the resulting neutrino-induced
muon flux within the Minimal Supersymmetric extension of the Standard
Model (MSSM) (for a review of neutralino dark matter, see 5). For the nu-
merical MSSM calculations we use DarkSUSY 6 with which we have generated
about 140 000 different MSSM models and for each one we require that they
do not violate current accelerator constraints and that they make up a major
part of the dark matter, i.e. 0.025 < Ωχh
2 < 1, with Ωχ being the neutralino
relic density and h being the Hubble constant in units of 100 km s−1 Mpc−1.
3 Density and velocity of the new WIMP population
WIMPs that scatter in the outskirts of the Sun can end up in highly elliptical
orbits gravitationally bound to the Sun. Jupiter and/or Venus can perturb
these orbits so that they no longer cross the Sun, but if the semi-major axis
is in the range 0.5aearth < a < 2.6aearth they do cross the Earth’s orbit and
can be captured by the Earth while they still don’t reach out to Jupiter in
which case they would be gravitationally scattered away.2,3
The orbits will be nearly radial and the velocity with respect to the Earth
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Figure 1. The velocity distribution with re-
spect to the Earth for the new population
of neutralinos.
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is between 27 km/s and 48 km/s. Based on a detailed calculation4, we show
the velocity distribution of these neutralinos in Fig. 1. λ is a parameterization
of the non-conservation of the z-component of the angular momentum (if the
orbit is in the xy-plane. λ = 1 corresponds to full conservation of Jz and
λ = 2 corresponds a non-conservation by a factor of two. We have checked
that our results not depend much on λ and we will in the following focus on
λ = 1.
In 7, the phase space distribution of WIMPs at the Earth was investigated
including the effects of the Earth being deep in the Sun’s potential well. There
it was found that even though the velocity distribution of WIMPs at the
Earth is different than it would be in free space, both Jupiter, the Earth and
Venus will disturb the orbits of these unbound WIMPs into bound orbits that
have the same phase space distribution as would be the case in free space.
This transfer in phase space is only fast enough (compared to the age of
the solar system) for low velocities, ∼< 27 km/s. For our new population of
WIMPs, which has higher velocities, this means that they are not diffused
out of the solar system by gravitational interactions with the other planets.
The scatterings in the outskirts of the Sun will thus have built up this new
population since the solar system was formed.
We can write the enhancement of the local neutralino density from this
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new population as
δE ≡
WIMP density from new population
WIMP density from old population
=
0.212
(vo/220 km s
−1)
g
(−10)
tot . (1)
Here, g
(−10)
tot is a quantity that depends on the details of the scattering of
WIMPs in the outskirts of the Sun and on the perturbation of the orbits
from mainly Jupiter and Venus. vo is the local rotation velocity around the
galactic center. In Fig. 2 we show the values for g
(−10)
tot evaluated for our
MSSM models. Using Eq. (1) we see that the overdensity is up to δE ≃ 0.08.
For the local halo density of neutralinos we have used 0.3 Gev/cm3.
4 Capture rate of the new population
Even though the density of the new population is at maximum 10% of the halo
density, the velocity distribution is quite different. Since the capture efficiency
in the Earth is highly velocity dependent we would expect the capture rate
to be quite different from the normal scenario. For capture in the Earth,
scattering off iron nuclei is the most efficient process and given the lower limit
of the velocity distribution in Fig. 1, we can calculate that capture of the new
population is only possible when the neutralino mass, mχ ≤ 2.90mFe ≃ 150
GeV.
For our set of MSSM models, we have calculated the capture rate from
this new population and derived the neutralino annihilation rate by solving
the evolution equation for neutralinos in the Earth including both the old and
the new population of neutralinos.4 We then define the enhancement of the
annihilation rate (and hence on the resulting neutrino-induced muon fluxes)
from this new population as
E ≡
Γtota − Γ
old
a
Γolda
=
Φold+newµ − Φ
old
µ
Φoldµ
. (2)
In Fig. 3 we show the enhancement factor for our MSSM models, and as we
see, the enhancement can be up to two orders of magnitude when the mass of
the neutralino is in the region 60–120 GeV where scattering off iron is efficient.
5 Neutrino-induced muon fluxes
We are now ready to compare the absolute fluxes of neutrino-induced muons
from neutralino annihilation in the center of the Earth when we include or
not include the new population of neutralinos. We calculate the neutrino-
induced muon flux as described in 8 and in Fig. 4 we show the fluxes above
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Figure 3. The enhancement factor from the
new population of neutralinos.
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Figure 4. The neutrino-induced muon
fluxes are shown for a) the old population
and b) the old and the new population of
neutralinos.
1 GeV without and with the new population included. We see that for the
models with the highest fluxes, we get an enhancement of about an order
of magnitude when the neutralino mass is 60–120 GeV. We also show the
current limits from Baksan9, Macro10 and Super-Kamiokande11 and we see
that these experiments are much more sensitive to MSSM models in this mass
range when this new population of neutralinos is included.
6 Conclusions
We have investigated a new population of WIMPs in the solar system which
arise when WIMPs that have scattered in the outskirts of the Sun are trapped
in orbits gravitationally bound to the Sun, but due to perturbations by mainly
Jupiter and Venus no longer intersect the Sun. This new population of WIMPs
have nearly radial orbits and can cross the Earth’s orbit and be captured by
the Earth. There they can annihilate pair-wise producing muon neutrinos
that can be searched for with neutrino telescopes. We have focused on when
the WIMP is a neutralino in the MSSM and have shown that the fluxes
can be enhanced by up to a factor of 10 when the neutralino mass is in the
range 60–120 GeV. Hence, this significantly enhances the sensitivity for these
experiments to neutralino dark matter.
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